Purpose We have developed a model for integrated medicines management, including tools and activities for medication reconciliation and medication review. In this study, we focus on improving the quality of the discharge summary including the medication report to reduce medication errors in the transition from hospital to primary and community care. Methods This study is a longitudinal study with an intervention group and a control group. The intervention group comprised 52 patients, who were included from 1 March 2006 until 31 December 2006, with a break during summer. Inclusion in the control group was performed in the same wards during the period 1 September 2005 until 20 December 2005, and 63 patients were included in the control group. In order to improve the quality of the medication report, clinical pharmacists reviewed and gave feedback to the physician on the discharge summary before patient discharge, using a structured checklist. Medication errors were then identified by comparing the medication list in the discharge summary with the first medication list used in the community health care after the patient had returned home.
severe consequences for the patient, and 20-30% of medication errors have been assessed as potential adverse drug events [2] . A review article reports that of the medication errors identified, 11-59% were thought to be of clinical importance [3] . Various types of medication errors are frequent in hospitals [4, 5] and in the interface between care levels [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Insufficient quality in the transfer of information on a patient's medications has recently been highlighted as one of the most important problems in health care, and international and national programs have been developed for information and help [16] . According to the Institute for Healthcare Improvement, poor communication of medical information at transition points is responsible for as many as 50% of all medication errors and 20% of adverse drug events in the hospital [11] .
In order to provide appropriate and correct treatment for the patient and ensure good patient safety, effective communication between the different care levels is crucial. In Sweden, as in many other parts of the world, each care level does not always possess the complete information on a patient's medical history, as many care units have their own medical records. The risk of medication errors occurring, and thus morbidity as a consequence of medication errors, is therefore high. Risks of reduced patient safety as a consequence of poor communication are well documented and reported. A step towards improved patient safety is harmonising the use of medical records so that the hospital and primary care can access the same information. Recently this has been introduced in Sweden and is now used by 4 of 21 counties [17] .
A previous study made by our research group, which addressed medication errors caused by insufficient transfer of information when changing care level, showed that information on every fifth medication was transferred erroneously [18] . At admission to hospital, 29 of 34 patients had at least one medication error and corresponding results at discharge from hospital to community health care showed 19 of 35 patients with errors [18] . As a consequence of the study, a discharge summary with a medication report was developed at Lund University Hospital to reduce transfer errors. This document is written for the patient and contains the following [19] :
& General information (reason for admission to hospital, planned follow-up) & Medication report (a section with information on changes that were made to the medication therapy and reasons for these changes) & Medication list (a list of current medications, dosages and indications for each medication)
At discharge, the document is given to the patient and, if applicable, sent to the community health-care provider and the patient's general practitioner.
The first evaluation of this medication report was made at Lund University Hospital and showed that medication reconciliation using a medication report significantly reduced both the total number of medication errors as well as the number of medication errors with moderate and high risk for clinical consequences [19] . The medication report has also been shown to significantly reduce morbidity and thus the need for medical care due to medication errors in the elderly [20] . However, the study did not evaluate the content and correctness of the medication report, so there is room for further improvement in the process, which is the basis for this study.
This study is part of an integrated medicines management investigation (the LIMM study), in which a multiintervention process approach to drug therapy was used. This has been shown to improve the quality and appropriateness of the prescription of medication to the elderly [21] . The aim of this study was to investigate whether the process improves the quality of the discharge summary and if this process development also reduces medication errors when patients are discharged from hospital.
Methods

Study design
This study is a longitudinal study with an intervention group and a control group. Patients in the control group were included at the same wards prior to the intervention period.
The ethics committee at Lund University had no objections to the study, and it was performed in accordance with Swedish ethics legislation and the Declaration of Helsinki.
Setting and study population
Patients admitted to the Department of Internal Medicine at Landskrona Hospital in the county of Skåne in southern Sweden were the source for inclusion. The clinic comprises three wards with 61 beds in total. The hospital and the primary care clinics do not have access to the same medical records.
Quality improvement of the information in the discharge summary
Patients eligible for inclusion were identified from the intervention group in the multi-intervention study [21] . Medication errors when discharged from hospital to community health care
The same intervention group was used as for "Quality improvement of the discharge summary", with the additional criteria that the patient had to be discharged to community health care.
Patients in the control group were included from 1 September 2005 until 20 December 2005.
At inclusion, the patient received oral and written information about the study from the pharmacist and at acceptance, the patient was asked to give written consent to participate in the study. When it was not possible to communicate with the patient, a next of kin was asked instead. Patients in terminal stages of their disease were excluded for ethical reasons.
Intervention
During the intervention period, the pharmacists took part in the daily work at the three wards and performed structured interventions in order to increase the appropriateness of the drug treatment [21] . Several interventions were performed by the pharmacists. At admission, medication reconciliation was performed in order to identify the correct patient medication list, problems with handling, knowledge, compliance and attitudes towards the drug treatment. The patient's potential drug-related symptoms were checked. A medication review was performed in order to further identify drug-related problems and inappropriate drug use. Based on identified problems, a systematic medication care plan was created in which all changes to the medication therapy were noted. The care plan was updated continuously and was decided on by the team. The pharmacists took an active role in patient information and education, based on specially developed drug information leaflets, with focus on new medications.
A physician completed the discharge summary (Appendix 1), including the medication report and a medication list, at the day of discharge, and the pharmacist then evaluated the document according to a developed checklist (Appendix 2), with focus on correctness of the medication report and the medication list. The pharmacist used the medication interview, the care plan, as well as other medical records from the hospital stay, to evaluate the information in the discharge summary. If information was lacking or was incorrect, the pharmacist discussed this with the physician who was then able to adjust the document before the patient was discharged.
Measures
Quality improvement in the information in the discharge summary Data were collected on discrepancies found between the information in the discharge summary and the systematic medication care plan as well as other medical records from the patient's hospital stay. The checklist (Appendix 2) was developed and accepted at Lund University Hospital as a standard and a tool to measure and follow-up on important features and errors in the writing of the discharge summary. For the medication report, the standard was that all final changes in medication made during the hospital stay and the reason for them should be documented. For the medication list, a complete list of all current medications and the indication, reason, or disease state should be documented. A total score of the quality, including general information, could also be calculated.
In order to study discrepancies that were considered more important than others, information was collected on which discrepancies the physicians chose to adjust or not.
Medication errors when discharged from hospital to community health care
Discharge summaries were written by a physician for all patients, but only evaluated by a pharmacist during the intervention period. The medication list in the discharge summary from the hospital was compared with the first medication list used by the community health care after discharge in order to study whether the transfer of information was done correctly. Some patients received medications from a specific medication dispensing system (ApoDos), in which a regional pharmacy ApoDos dispensing unit prepared the dosages and provided the patients with a complete list of all medications used by the patient. Other patients did not use this system and for them, the community health care had medication lists that they filled out manually.
The same definition of medication error and the same checklist for documenting the errors as in previous studies were used [18, 19] . The definition states that a medication error is any error in the process of prescribing, dispensing or administering a drug, whether there are adverse consequences or not [22] . In this study, we focused on the discrepancies in the medication reconciliation discharge process, and a medication error was defined as occurrence of one of the following discrepancies together with the lack of documentation to indicate that the change in the medication therapy was done deliberately.
& A medication was missing in the medication list from the community health care. & A medication had been added to the medication list from the community health care. & The total dosage over 24 h had been changed in the medication list from the community health care.
Generic substitution of a medication was not considered an error in the reconciliation process.
When the patient was transferred to the community health care, nurses were asked to send in the first medication list used after the patient arrived. If no medication list was received from the community health care, reminders were sent out repeatedly. Identification of medication errors was done prospectively in both groups. Two pharmacists evaluated the transfer of information independently, and their evaluations were compared and consensus was reached.
Study size calculation
In a previous study in Landskrona (in which the medication report was not used), 46% of the patients had no discrepancies between their medication list at discharge and their medication list after returning to community health care [18] . Later on, in a study at the University Hospital in Lund (USiL) in which the medication report had already been in use for 6 months, 66% of the patients had no medication errors when transferred from hospital to community health care [19] . We assumed that the results from the study at USiL were similar to the baseline in this study. As the discharge summary, including the medication report, was evaluated at discharge in this study, we expected a further increase in the prevalence of patients without medication errors from 66 to 90%. With 5% significance (P=0.05) and power=80%, 46 patients were needed in both groups.
Data analyses
If not stated otherwise, the results are given as mean and SD.
Computer software R version 2.5.1 (R Foundation for Statistical Computing, Vienna, Austria) was used for all statistical analyses. The R COIN procedure (asymptotic linear-by-linear association test) was used to analyse whether there was a significant difference between the two groups regarding the proportion of patients without medication errors. The R COIN procedure implements a unified approach for conditional inference procedures. In this study, we used the asymptotic linear-by-linear association test for ordered categorical data. The Poisson regression test was used to compare the number of medication errors per patient in the groups.
Results
In the intervention group, discharge summaries for a total of 172 patients were evaluated. Of these, 52 patients were also included in the intervention group in the investigation of medication errors when transferring from hospital to community care. The control group for the investigation of medication errors consisted of 63 patients, for whom the discharge summaries were not evaluated.
Quality improvement of the information in the discharge summary Table 1 shows the result of the evaluation of the medication report and the medication list and the extent to which the physician adjusted the discrepancies identified by the pharmacist. Only 1 out of 172 discharge summaries was without discrepancies according to the evaluation checklist. Discrepancies in general information Table 1 Number and type of discrepancies between the discharge summary and the medical records and the extent to which they were adjusted by the physician prior to discharge, distributed over the different sections in the discharge summary (general information and layout excluded) (27) were seldom put forward to the physician, so a total scoring was not possible to calculate. When disregarding this and layout issues, 46 discharge summaries out of 172 were complete and correct. Regarding the medication report, the pharmacist did not always inform the physician about the identified discrepancies, and in these cases the physician was given no chance to adjust the information. This was seen for 33% of the medication reports with discrepancies. As the information sometimes was included in the document but not in the way stated by the checklist, the pharmacists chose to put forward only discrepancies that risked having a major negative effect on the patient's drug treatment. A tight time schedule did not allow for all discrepancies to be discussed. The most frequent discrepancy in the medication list was that medications were missing. The reason was that the physician had discontinued the medication without noting this in the medical records. This was the case for 29% of the medication lists with discrepancies.
Medication errors when discharged from hospital to community health care
As presented in Table 2 , the patients had similar baseline characteristics except for whether they were transferred to a nursing home or their own home. This could indicate that the patients in the intervention group were more seriously ill.
The primary research question was whether our intervention decreased the number of medication errors at discharge from hospital to the community care. The total number of medications with medication errors decreased from 12.0% in the control group to 4.8% in the intervention group, as seen in Table 3 . In the intervention group, the number of medication errors per patient was decreased by 45%, P=0.012. Also the proportion of patients without medication errors was improved with an absolute increase of 9.6, from 63.5% in the control group to 73.1% in the intervention group. However, this increase was not significant (P=0.319).
Dividing the population into patients with ApoDos and patients without ApoDos showed that patients with ApoDos had a 5.9-fold higher risk of suffering from medication errors than those without this medication dispensing system (P<0.001).
In the control group, the patients had on average 1.05 medication errors. The errors included commission errors (0.68 per patient), erroneous changes in dosage (0.24 per patient), and omission errors (0.13 per patient). Corresponding values for the intervention group were 0.48, 0.17, 0.17, and 0.14.
Errors in the transfer of information for approximately one-fifth of the patients were evaluated differently by the pharmacists. The evaluations were compared and consensus was reached.
Discussion
Our intervention decreased the number of medication errors per patient. There was an increase in the proportion of patients without errors, although this was not statistically significant. Limitations in the process, as described below, and also too low a power to detect a significant difference might be the explanation. We have previously developed and shown that the medication report in a discharge summary decreases medication errors, clinical consequences, and health contacts due to errors occurring when patients are discharged from hospital to community health care [18, 19] . This study shows a further decrease in error rates by improving the internal hospital discharge process.
In 2000-2001, we performed a descriptive but otherwise identical study in the same setting to describe the medication error rates [18] . The proportion of medications with medication errors after discharge and return to primary care was 17% and only 46% of the patients had no error at all. In this study the error rates for all medications were 12% in the control group and 4.8% in the intervention group. The proportions of patients without medication errors were 63.5 and 73.1% for the control and intervention groups, respectively. In another larger study in a similar setting at a university hospital, the proportions of patients without errors were 34 and 68% before and after introduction of the medication report in the discharge summary [19] . There are strong similarities in the activities, in the error rates, and in the type of errors between the control group in this study and in the intervention group from the latter study. However in the latter study, we did not evaluate the quality of the discharge summary, and the errors were measured at discharge based on the discharge summary and not when patients returned to primary care as was the case in this study. The latter study also showed a reduction in clinical consequences based on medication errors [20] . In our previous descriptive study, there were an average of 2.4 medication errors per patient at admission to the hospital, and only 15% of the patients had no errors at all [18] . In this study, a medication interview [15] was performed and a correct medication list was created and used for each patient as part of the pharmacist's responsibilities in the LIMM model. Also a systematic medication care plan was set up and used for follow-up and documentation of activities during the patient hospital stay. This model was shown to improve medication appropriateness and was very appreciated by the team [21] .
Computerised medical records are a prerequisite for the hospitals, the primary care, and the community care to access the same information. In Sweden, 88% of the hospitals have computerised medical records, in comparison with the rest of Europe and the United States where the numbers are 51 and 12% respectively [17] . With this in mind, Sweden seems to have better possibilities for providing the health-care system access to the same information. However, it is important to state that IT does not solve all problems connected to communicating and documenting problems in the use and handling of drugs. It has been stated that electronic communication between the GP and the community pharmacists improves agreement but does not suffice as a solution for obtaining reliable information [23] . Also GPs found discharge content more important than delivery method [24] .
Medication reconciliation has been introduced as one of the solutions to decrease medication errors and increase patient safety [9] [10] [11] . The process involves comparing the Table 3 Medication errors identified by the pharmacist when comparing the medication list in the discharge summary with the medication list in the community health care, as well as number of medications at discharge and in community health care, in the intervention group and the control group medications a patient is receiving to what he or she actually should be receiving and then resolving the discrepancies [11] . Studies from the UK, Holland, Canada and the U.S. have been based on development of models for medication reconciliation at hospital discharge. This includes telephone follow-up by a pharmacist [12] , and discharge summaries to pharmacies [13, 14, [25] [26] [27] [28] [29] and to the general practitioner [27, 28, 30] . To our knowledge, our discharge summary is the first systematic tool enabling information to be produced for the patient and to the next level of care by the responsible person, the physician. We have previously shown the benefit of this [18, 19] . Now we provide evidence for the additional benefit of the pharmacists' involvement in the quality assurance of the medication reconciliation process.
Although the impact of ApoDos on the discharge process was not the primary research question, we analysed this since in a previous study we showed that ApoDos was a risk factor for medication errors [18] . Another reason for analysing the groups separately was the differences between patients with and without ApoDos, such as number of medications and handling of medications. As in the previous study in the same setting, we found the ApoDos system to increase the risk of medication errors, especially in the control group. The difference between the two groups is probably that the clinical pharmacist better identified patients with ApoDos at hospital admission and also highlighted this at discharge when the regional pharmacy ApoDos dispensing unit is to be contacted. It is interesting to note that only 3 of 38 patients in the intervention group without ApoDos had a total of four errors at discharge, and the error rate for all medications was 1.2%. It is therefore tempting to conclude that the LIMM model together with a focus on improving errors in the handling of the ApoDos system offers the potential to be a very safe system for medication use in the interface between primary and hospital care.
Limitations of the study This is a study based on a new team approach for improving the patient's drug therapy. As part of the approach, we are focusing on reducing medication errors in the transition of care by improving the medication reconciliation process. Based on this, we could not randomise care by patient, or by clusters of physicians, pharmacists or wards. We could have selected a control group at another hospital, but based on lack of resources and also potential differences in baseline (we believed that our department had few errors), we did not.
We have not included holiday periods during which staffing can change or be insufficient. However since we have different time periods to some extent for the groups, this could have affected the results.
To our knowledge there are no other confounders, such as organisational changes in the health-care system or changes in the handling of discharge information in the hospital or primary care, which can explain the differences in the results.
Future needs
There is room for improvement in the process of evaluating the discharge summary, and this could decrease the errors even further. In general the quality control and suggestions for change provided by clinical pharmacists were accepted and corrected especially for the medication list but also for the medication report. However, information and education on how to write the discharge summary, agreement on which discrepancies to prioritise and timing of the interventions should be improved to improve the process of communication so that the physician can make more corrections before discharge.
In two studies, we have shown ApoDos to be a risk factor for medication errors at discharge from hospital to community care. This process needs to be further investigated to identify the reason for these errors and to study methods for improvement.
Conclusions
Quality control of the patient's discharge summary with correction of errors prior to the patient's hospital discharge reduced medication errors in primary and community care. The quality control and suggestions for change were accepted and corrected by the physician, if communicated by the pharmacist. 
